Building on events in Flanders (Belgium) during the current pandemic, this paper discusses interplays between Circular Economy (CE) principles and COVID-19 related issues in the healthcare sector and in public health in general. The aim of this paper is threefold. First, it investigates how CE can serve as a constructive change driver in the healthcare sector to increase the sector\'s sustainability. Second, this paper describes how CE could increase the healthcare sector\'s future resilience as the COVID-19 crisis has put global value chains of medical devices and equipment under extreme stress. Consequently, the healthcare sector was confronted with low essential medical and protective equipment stock availability ([@bib0001]). Third, this paper describes how the COVID-19 crisis challenges the uptake of circular strategies in the healthcare sector.

This paper proposes an elaboration of the ([@bib0002]) framework to examine the role of CE in addressing COVID-19 related issues both at present and in the future. The original framework distinguishes between three strategies for resource loops in CE, i.e. closing, narrowing and slowing resource loops. This paper introduces an additional type of strategy: sustaining life. The following paragraphs describe the role of each strategy type in addressing COVID-19 related challenges.

1. Closing loops {#sec0001}
================

Closing resource loops relates to recycling which integrates material quality conservation and is considered as the lowest priority CE strategy in the ([@bib0002]) framework. During the COVID-19 crisis, several initiatives simultaneously closed material loops and tackled shortages at the medical sector\'s input side. The recent evidence demonstrates the elasticity of bottom-up initiatives by both private companies (e.g. breweries producing disinfection alcohol for medical applications from residue products) and individual citizens (e.g. maker\'s movements producing mouth masks from textile leftovers and supplying hospitals and care facilities) to recycle locally available resources and thus reduce import dependency. These initiatives have proven their potential to flexibly address urgent shortages. Future research could investigate how they can increase the sector\'s resilience in the long run.

On the output side, waste generation by the medical sector increased 65% at the peak of the COVID-19 crisis ([@bib0003]). Flanders does not allow recycling of hazardous medical waste and sends it towards a 'safe sink' for decontamination or incineration. Hence, while CE provides solutions to overcome shortages at the input side of the medical sector, the uptake of CE at the output side is hindered by the generation of hazardous waste. The COVID-19 crisis exacerbates this waste management problem. This demonstrates the medical sector\'s disproportional focus on procurement compared to waste management ([@bib0004]). ([@bib0005]) rightfully warned from an industrial ecology point of view, that the hotspots for reducing environmental impacts in healthcare are currently not well understood. Hence, resource scientists should further explore possibilities for medical waste treatment and assess possibilities for critical raw materials recovery or reduced import dependency.

2. Slowing and narrowing loops {#sec0002}
==============================

Slowing loops refers to the design of long-life goods and product-life extension through re- purpose, refurbishment, and remanufacture. Narrowing refers to resource efficiency and dematerialization. While the COVID-19 crisis considerably slowed down economic activities it also accelerated the generation of (hazardous) waste. Nevertheless, responses to the COVID- 19 challenges in healthcare demonstrate the potential of narrowing and slowing loops with the aim to prevent or postpone waste generation. A hypothesis is that the slowing metabolism of the wider economy created opportunities to citizens and other stakeholders with certain interests, values and knowledge to engage in circular economy practices like sharing, maintenance, repair, and refurbishment of medical equipment and devices (e.g. 3-D printing of spare ventilator parts by companies and households, making mouth masks or donating babyphones to use for patient surveillance in the ICU). The usefulness of lifetime extension, especially through comprehensive refurbishment, was already acknowledged by the medical sector prior to the COVID-19 crisis. However, comprehensive refurbishment implies more manufactured processes and is mainly established in an industrial setting ([@bib0006]). The COVID-19 crisis demonstrates the potential of bottom-up initiatives and decentralized medical equipment and medical devices production tackling urgent shortages. In this context, decentralized production slows loops and increases the healthcare sector\'s resilience to supply shocks. Additionally, it partially disconnects medical activity from global value chains which have proven to be unreliable in times of crisis (e.g. export bans on critical equipment). A second option to slow material loops would be to introduce Extended Producer Responsibility (ERP) for non-hazardous medical waste from medical equipment and shift part of the waste treatment responsibility to the producers of the medical equipment ([@bib0004]). The recycling of (potentially) hazardous material may be technically possible for a number of targeted streams (e.g. mouth masks), but the implementation of this strategy should be preceded by a revision of the collection infrastructure and logistics, backed-up by a risk-cost-benefit investigation. Hence, industrial ecology research could support managerial decisions by providing the environmental impacts of the alternatives and by developing a framework of these environmental impacts measured against risks and costs.

Maintenance and repair workers (e.g. cleaning) play a pivotal role in the slowing of resource loops. Nevertheless, the current body of literature pays little attention to their roles in resource loop management. Many skills have been made redundant in northern economies like Flanders, through the separation of 'mind' tasks (e.g., design or finance) from the so-called 'body tasks' (e.g., cleaning or caretaking). Hence, very few people in the north today know how to 'make', 'maintain' or 'repair' products and equipment and became dependent on a labor pool to perform jobs that require these skills. The maintenance sector tends to be feminized and racialized and the people working in this sector are often paid low salaries and may not be provided proper protection from the virus in the workplace. This lack of financial security and investment in personal protection equipment (PPE) forces maintenance workers to work and be exposed to the virus, enhancing another pressure on the healthcare and maintenance industry. Research should not solely focus on circular solutions to address environmental issues; they should be socially inclusive.

3. Sustaining life {#sec0003}
==================

Besides the above-mentioned efforts to sustain the healthcare sector CE should also integrate biodiversity in the value chain. The introduction of sustaining life acknowledges the potential of a CE to decrease the need for medical services and decrease the likelihood of recurrence of a pandemic in future. This type of strategy responds to one of the main CE principles: to be restorative and regenerative. Protecting and preserving forests and other green spaces addresses the medical-CE nexus because this strategy is also pivotal for public health. A body of research outside the field of resource management exists upon prevention of communicable diseases (e.g. COVID-19), and chronic diseases (e.g. cancer), for supporting healing processes and coping with psychological impacts. More interdisciplinary research will give leverage to this principle of regenerating natural systems.

4. Circular creativity during COVID-19 and beyond {#sec0004}
=================================================

The potential of circular initiatives in the healthcare sector became apparent during the COVID-19 crisis. Prior to the COVID-19 crisis, studies on consumption in the circular economy described 'ideas' to foster collaboration between sectors and turning citizens into co-creators. These ideas for collaboration typically engaged researchers, designers and policy makers more than citizens. Before the current crisis, the medical sector was no different, but the needs induced by the COVID-19 crisis shifted this focus from consumer to co-creator in this short chain strategy. There is a risk however, that this shift is again reversed when the lockdown restrictions and the limited availability of PPE come to an end.

To further decrease import dependency in the critical medical value chains, more research is needed to examine how companies can enhance their adaptive capacity, so they can meet societal and their company\'s needs in times of crisis. To properly tackle both, with consideration of current and future crises, it is necessary to reformulate research topics and develop tools, solutions, and frameworks for the medical-CE nexus. This evolution should acknowledge the importance of bottom-up initiatives and maintenance workers. The current crisis indeed showed those bottom-up initiatives have been tapping into the window of opportunity to experiment, to incubate ideas of circular economy and to challenge the current system which is still locked in linear thinking. However, the long term impacts of COVID-19 on the circular economy could counter the aforementioned observations of initiatives and changes.

Finally, while this paper describes the potential of CE to increase resilience of the medical sector in times of crises, this paper also stresses the potential of restorative CE aspects. This rationale is in line with notions of circular economy suggesting the need for sustaining life in addition to slowing, narrowing and closing loops.
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